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EXECUTIVE SUMMARY

This paper has addressed a number of issues taysind AER. The first of these issues is,
in determining a regulatory rate of return, whettiner use of a risk free rate averaged over a
short period (10-40 business days) as close aipaigtpossible to the start of the regulatory
period is consistent with
* the Present Value principle (the present value ofgulated firm's revenue stream
should match, over time, the present value ofxfgeaditure stream plus or minus any
efficiency incentive rewards or penalties), and
* the Building Block model, and
» the Cost Recovery principle (a regulated firm sbdwve a reasonable opportunity to
recover at least its efficient costs), and
* the Sharpe-Lintner model.
In relation to the Present Value principle, anyspré value operation requires the use of the
current risk free rate, the regulatory rate of metonust therefore use the risk free rate at the
beginning of the regulatory period, and pragmatiosiderations then lead to averaging it
over a short period as close as practical to @ st the regulatory period. In relation to the
Building Block model, this is a consequence of Bmesent Value principle and therefore the
same conclusion applies. In relation to the CastdRery principle, this is equivalent to the
Present Value principle and therefore the samelgsion also applies. In relation to the
Sharpe-Lintner model, this model always requiréslafree rate prevailing at a point in time
for some subsequent period rather than a histoseaiage and application of the model to a
regulatory situation would require the risk fregerprevailing at the beginning of a regulatory

period.

The second issue is whether the adoption of a tenm historical average risk free rate
would be consistent with the four matters detadbdve. The conclusions here follow from
the conclusions presented in the previous paragsapbe the risk free rate at the beginning
of the regulatory period is required in all cagben the use of a long-term historical average
risk free rate will not be consistent with the Rrm@sValue principle, the Building Block
model, the Cost Recovery principle, or the Sharpner model.



The third issue is whether the Present Value prlacrequires that the regulatory rate of
return should be representative of prevailing madomditions at the start of the regulatory
period or at the start of each year within the fatguy period. If the regulatory rate of return
is representative of prevailing market conditiohtha start of each year within the regulatory
period, the Present Value principle requires thatregulatory rate of return be based upon
the one year risk free rate prevailing at the baigigpn of each year. By contrast, if the
regulatory rate of return is representative of pigvwg market conditions at the start of each
regulatory period, then the Present Value principlguires that the regulatory rate of return
be based upon the yield to maturity prevailinghathbeginning of the regulatory period on the
risk free bond with a duration equal to that of tegulatory cash flows, and a very close
approximation is achieved through the use of tleddyto maturity on the risk free bond
whose term to maturity matches that of the regwaperiod. Capital expenditures within a
regulatory period may worsen the approximation Hasethe error in the regulatory rate
chosen as described above does not exceed severpbiams across the range of examples

considered, and this is not material.



1. Introduction

This report seeks to address a number of issussdraly the AER, as follows:

Firstly, critically evaluate the AER’s position the Aurora final decision that the use of a
risk free rate averaged over a short period (10d6iness days) as close a practically
possible to the start of the regulatory period was
(a) Consistent with the use of the Building Block mqaeid
(b) Consistent with the economic principle that thespre value of a regulated firm’s
revenue stream should match, over time, the pressdué of its expenditure stream
(plus or minus any efficiency incentive rewardgenalties), and
(c) Consistent with the use of the Sharpe-Lintner CARM]
(d) Consistent with the economic principle that a rated firm have a reasonable

opportunity to recover at least its efficient costs

Secondly, assess whether the adoption of a lomg hestorical average risk free rate would

be consistent with the four matters detailed above.

Thirdly, and in view of the fact that an objectitreat the AER seeks to achieve is that the
present value of a regulated firm’s revenue straaaiches the present value of its
expenditure stream (plus or minus any efficiencgeimtive rewards or penalties), assess
whether the regulatory rate of return should beesgntative of prevailing market conditions
at the start of the regulatory period or at thetstheach year within the regulatory period.
This assessment should take into account the fetta regulated firm may raise equity

capital throughout the regulatory period (to finamapital expenditures).

The focus here is upon the cost of equity capial therefore it is assumed that the firm is
entirely equity financed.

2. TheAveraging Period for the Risk Free Rate

2.1 Consistency with the Present Value Principle

| start by considering whether the use of risk frates that are averaged over a short period
as close as practical to the start of the regutapmriod, and also over a much longer

historical period, are consistent with the prineighat the present value of the regulated
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firm’s revenue stream should match the presentevaluts expenditure stream, plus or minus
any efficiency incentive rewards or penalties (Present Value principle). The Present
Value principle is fundamental to regulation; lowevenues than those that satisfy this
principle will fail to entice producers to investdihigher revenues constitute the very excess
profit that regulation seeks to prevent (Marshallei981).

To explore the implications of this principle fdretrisk free rate, it is sufficient to envisage

the simplest possible regulatory scenario, in whicled assets are purchased now, all

financing is equity, a revenue or price cap isest that yields revenues only in one year, all

operating costs are incurred at the same pointetipglatory assets purchased now have a life
of one year, there is no risk relating to revemregperating costs, and there is no differential
personal tax treatment across different sourcesvalstment income. In this case the value
now of the revenues received in one y&RE\() net of operating costs received in one year
(OPEX) is determined by discounted at therrent one year risk free rateR4), and the

Present Value principle implies that this valuelgticequal the purchase price of the fixed

assetsg):*
B = REV — OPEX (1)
1+R;,
It follows from this that the revenues must beaoivs:?
REV = OPEX + B+ BR;, 2) (

So, the revenues must equal the sur@REX, the cost of the fixed asseB)(and the return
on the investment d at the current one year risk free r&e This analysis is a simplified
version of that in Schmalensee (1989) and Lallyp@0

To illustrate the application of equation (2), sapeOPEX = $10m,B = $100m andr:; = .06.
It follows from equation (2) thaREV must be $116m. The intuition for this is clear.

1| there is uncertainty about revenues or opeis, lkads to a risk premium being added to the disteate,
and this does not otherwise affect the analysis.

2 In this equation, regulatory depreciation equiaésdost of the asseB) because the asset life is only one year.
When the asset life exceeds one year, as in |atn@es, depreciation each year is less than thehpse price
of the assets.



Investors with $100m to invest could invest in tisk free asset at 6% to yield $106m in one
year. Undertaking the regulatory activities anéréfiore purchasing the regulatory assets is
an alternative investment with the same (nil) rigus, undertaking the regulatory activities
and therefore purchasing the regulatory assetslghaao yield a return of 6% on the
investment of $100m, which implies net cash flows®06m in one year, and hence revenues
of $116m.

This demonstrates that the risk free rate thatlghioel used is that prevailing at the beginning
of the regulatory period. Suppose that some histmerage of the one year rates had instead
been used and this historic average was 7%. Inethent, following equation (2), the price
or revenue cap would have been set to allow reveati®117m and therefore a rate of return
of 7% on a risk free investment with a one yea. lifThis rate of return would be too high
because the one year risk free rate at the begjnointhe regulatory period was 6%.
Alternatively, if the historical average risk fremte had been 5%, then the price or revenue
cap would have been set to allow revenues of $ldiartherefore a rate of return of 5% on a
risk free investment with a one year life; thiseratould be too low. An inevitable critique of
this sort of analysis is that it is involves sinfyihg assumptions. However, none of the
simplifying assumptions in the above analysis cleatige result because present values
always involve the use of tloarrrent risk free rate rather than an average over sosterigal
period, and current in a regulatory context mearnkeabeginning of the regulatory period.

In summary, the Present Value principle requires afsthe risk free rate at the beginning of
the regulatory period. Literally, this involvesetfirst market price on the first day of the
regulatory period. However, the use of this tratiea would expose the regulatory process
to reporting errors, an aberration arising fromuanisually large or small transaction, and a
rate arising from a transaction undertaken by aletgd firm for the purpose of influencing
the regulatory decision. These pragmatic considers imply that the rate should be
averaged over a short period as close as prattiche start of the regulatory period. Rates
averaged over a much longer historical period wdagldnconsistent with the Present Value

principle, i.e., they would violate it without offag any incremental pragmatic justification.

2.2 Consistency with the Building Block Model
The next question is whether the use of risk fe¢es that are averaged over a short period as

close as practical to the start of the regulat@mqal, and also over a much longer historical
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period, are consistent with the Building Block miod&he Building Block model is equation
(2), which is a consequence of the Present Valueipte in equation (1). So, the answer
here is exactly the same as in the previous sedtemnthe Building Block model requires use
of the risk free rate at the beginning of the ratuly period and therefore the rate should be
averaged over a short period as close as prattidhke start of the regulatory period. Rates
averaged over a much longer historical period wdngdnconsistent with the Building Block

model.

2.3 Consistency with the Cost Recovery Principle

The next question is whether the use of risk fedes that are averaged over a short period
(10-40 business days) as close a practically pesslihe start of the regulatory period, and
also over a much longer historical period, are =bast with the economic principle that a
regulated firm have a reasonable opportunity t@vec at least its efficient costs (the Cost
Recovery principle). Returning to the analysisécttion 2.1, the costs involved there were
the purchase price of the regulatory assets, dpgrakpenditure, and a ‘fair’ return on the
investment (with the last of these being an opputyucost). The Cost Recovery principle
says that the revenues must cover these costsharefdre the Cost Recovery principle is
equivalent to the Present Value principle. Theesa&wonclusion in section 2.1 then applies,
i.e., the Cost Recovery principle requires usehef fisk free rate at the beginning of the
regulatory period and therefore this rate shouldaberaged over a short period as close as
practical to the start of the regulatory periodatd® averaged over a much longer historical

period would be inconsistent with the Cost Recoyeiyciple.

2.4 Consistency with the Sharpe-Lintner CAPM

The next question is whether the use of risk fedes that are averaged over a short period
(10-40 business days) as close a practically plessiltthe start of the regulatory period, and
also over a much longer historical period, are =best with the Sharpe-Lintner CAPM. The
Sharpe-Lintner CAPM (Sharpe, 1964, Lintner, 196%skIn, 1966) is a model that specifies
the equilibrium expected rate of return on a rigkget (i.e., the expected rate of return that
just compensates for risk), and one of the paramatethis model is the risk free rate. One
of the assumptions underlying this model is thatestors select portfolios based on the
Markowitz (1952, 1959) model, in which an investbiooses (at some point in timB, that
portfolio of assets that has the ‘best’ probabititgtribution of returns over a future period

from time T. One such asset is the risk free asset and gskdrge rate within the Sharpe-
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Lintner model is then the risk free rate prevailatgimeT for some future term. This model
can be used to estimate the cost of equity caipita regulated entity. Doing so requires that
the Sharpe-Lintner and regulatory models be align&tis requires that the risk free rate
within the Sharpe-Lintner model must be the ragvaiting at the beginning of the regulatory
period. As before, pragmatic considerations leachbosing a risk free rate averaged over a
short period as close as practical to the stathetegulatory period. Furthermore, averaging
the risk free rate over a historical period woukler be compatible with the Markowitz
model (because an investor makes a portfolio detist a point in time) and therefore would

never be compatible with the Sharpe-Lintner model.

In summary, use of the Sharpe-Lintner model ingulaory context requires that the risk
free rate must be the rate prevailing at the beggof the regulatory period. As before,
pragmatic considerations lead to choosing a risk flate averaged over a short period as
close as practical to the start of the regulatagiqal. Furthermore, averaging the risk free
rate over a historical period would never be compatvith the Markowitz portfolio model

and therefore never with the Sharpe-Lintner model.

3. TheUseof aSingleor a Succession of Risk Free Rates

3.1 Setting the Regulatory Rate of Return at the Beginning of each Year

The next question to assess is whether the reguledte of return should be representative
of prevailing market conditions at the start of tagulatory period or at the start of each year

within the regulatory period. | consider the lattase in this section.

To consider this issue, it is sufficient to modihe analysis in section 2.1 only to the extent
of assuming a regulatory period in excess of ora.y&o, suppose the regulatory period is
two years and the asset life is four years. Stheeasset has a life of four years then the
purchase price must be allocated across the fawodse this is called regulatory depreciation
and the allocation i®EP;, ... DEP, for years 1.....4 respectively. Thus, fixed assets
purchased now, all financing is equity, revenuesraceived in one, two, three and four years’
time, all operating costs are incurred at the séooe points, there is no risk relating to

revenues or operating costs, and there is no diffexl personal tax treatment across different



sources of investment incomeln addition, the regulatory rate of return (ahérefore the
price or revenue cap) is reset at the beginningazh year in accordance with prevailing
market conditions. Other parameters would be e@esty two years, because the regulatory
period is two years, but they are not significamt the present purposes and therefore are

treated as fixed over time. In this case, eff@tyivthe regulatory cycle is one year.

The Present Value principle requires that the pregalue of the revenues net of operating
costs over the four year life of the assets be legudne purchase price of the fixed assets,
and this can be achieved by using the prevailing year risk free rate when resetting the
price or revenue cap each year. To prove thig, with the situation at the end of the third
year (time 3), at which point a price or revenup wall be set to yield revenues at time 4
(REV,). The value at time 3 of the subsequent payofisfthe regulatory assets will be the
value at time 3 of these revenues at time 4 nahefoperating costs at time @OREX,),
discounted at some rate prevailing at time 3. &ithe payoffs at time 4 are certain the
appropriate discount rate is the one year risk fiaée prevailing at time 34). The value at
time 3 of the subsequent payoffs from the reguadsisets is then as follows:

v, = REV, -OPEX,
’ 1+ Rf34

®3)

Revenues received at time 4 are set at time 3veramperating costs at time 4, depreciation
for year 4, and the cost of capital at some rapdiegh to the regulatory book value at time 3
(B3). Since the relevant rate is asserted to be ileeyear risk free rate prevailing at time 3

(Rez4) then these revenues at time 4 will be as follows:
REV, = OPEX, + DEP, + B;R;,, 4

Since year 4 is the last year, tHeBP, = Bz. Substituting this into equation (4) and then (4)
into (3) yields
V — B3(1+ Rf34) - B

3 3
1+ I?f&m

(5)

% As in section 2.1, uncertainty about revenuespexdeads to a risk premium being added to theodiscrate,
and this does not otherwise affect the analysis.

10



So, the value at time 3 of the subsequent payaifgshe regulatory assets will equal the
regulatory asset book value at time 3 if reveneesived at time 4 are set at time 3 using the
prevailing one year risk free rate. At time 2, tbeenues to be received at time 3 will be set.
So, at time 2, the value of the subsequent payoffthe regulatory assets will be the value at
time 2 of the revenues received at time 3 lessofferating cost incurred at time 3 plus the
value at time 2 oV3;, andV3; equalsB; as shown in equation (5), and all of these payaffs
time 3 are known at time 2. So the appropriatealiat rate on these payoffs arising at time
3 will be the prevailing one year risk free ratdiate 2, and therefore the value at time 2 of

the subsequent payoffs on the regulatory assettbevds follows:

_ REV, - OPEX, +B,

\Z
1+R5

6) (

Paralleling equation (4), the revenues to be reckat time 3 will be set at time 2 based upon

the one year risk free rate prevailing at timdgsj:
REV, = OPEX, + DEP, + B,R,,, ©)

Also, DEP3; = B, —B3. Substituting this into equation (7) and theni(i (6) yields

So, the value at time 2 of the subsequent payaifgshe regulatory assets will equal the
regulatory asset book value at time 2 if reven@egived at times 3 and 4 are each set one
year earlier using the prevailing one year rislefrate. By continuing this process, it can be
shown in the same way th¥t = B; and then thaV¥, = Bo. The last equation says that the
value now of all future payoffs on the regulatossets is equal to the purchase price of the

assets, i.e., the Present Value principle is sadisf

To illustrate this, suppose that the purchase midbe fixed assets is $100m, depreciation is

set at $25m per year, operating costs are $10meqzer the current one year risk free rate is
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5%, and the subsequent one year rates in one,nd/ohaee years’ time are 4%, 6% and 8%
respectively. Following equation (4), in three iggdime with the one year risk free rate of 8%
at that time, the price or revenue cap would beaséhat time to give rise to revenues one
year later of:

REV, = OPEX, + DEP, + B,R,,, = $10m+ $5m+ $5m(08) = $37m

The net cash flows at time 4 would then be thegemees of $37m less the operating costs at
that time of $10m, to yield net cash flow of $27mhe value at time 3 of this net cash flow
arising at time 4 would then be $27m discountethatone year risk free rate prevailing at
time 3, of 8%:

V3 = = &5{‘7‘]
1.08

Following equation (7), at time 2 with the one yaak free rate of 6% at that time, the price

or revenue cap would be set at that time to gise 10 revenues one year later of:
REV, = OPEX, + DEP, + B,R;,;, = $10m+ $£5m+ $0m(06) = $38m

The cash flow at time 3 would then be these revefi®&38m less the operating costs at that
time of $10m, to yield net cash flow of $28m. Nadue at time 2 of the subsequent payoffs
on the regulatory assets would then be the valugme 2 of the net cash flow at time 3
($28m) plus the value at time 2 W ($25m), all discounted at the one year risk frate r
prevailing at time 2 of 6%:

V. = £8m+ $5m

) = $%0m
1.06

Continuing in this fashion, the value now of altute payoffs on the regulatory assets would
be $100m, matching the purchase price of the fassets and therefore satisfying the Present

Value principle.

If the regulator sets the price or revenue cap, l@mte revenues, in accordance with a risk

free rate other than the one year rate then theeRté/alue principle will be violated. For
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example, suppose the regulator uses the ten yeaamd this rate generally exceeds the one
year rate by 19%. In this event the regulated firm would receiveemues larger than those
required to satisfy the Present Value principle$by25m at time 4 (1% d3), $0.5m at time

3 (1% ofBy), $0.75m at time 2 (1% d8,), and $1m at time 1 (1% &). The value of these
excess revenues at the purchase date of the agadtsbe determined by the prevailing spot
rates for risk free cash flows received at thesees. The current one year spot rate has
already been given as 5%, and the ten year rat@odarger (6%). So, the spot rates for cash
flows due in two, three and four years will in gealebe above 5%. Using 5% as a lower

bound, the present value of these additional reeemll then be at least $2.27m as follows.

y 2 $Im_ $075m  $050m . $025m _

= = $227m
105 (105% (105°% (@105*

This example is based on an asset with a life ¢§ four years. If the asset had a more

typical life, of say 50 years, then the presentgaif the additional revenues would be

V = $im N $098m N $096m - $0.2m

= >0, SPJom I, = $1270m
105 (1052  (L09)° (1L05)%°

The present value of the additional revenues is almmost 13% of the purchase price of the
asset ($100m), i.e., 13% of the present value ®hit cash flows if the correct risk free rate

had been used by the regulator.

In summary, if the regulatory rate of return isresgentative of prevailing market conditions
at the start of each year within the regulatoryiquerthen that regulatory rate of return must
be based upon the prevailing one year risk free aithe beginning of each year in order to
satisfy the Present Value principle. If any othaerwere used the Present Value principle
would be violated and, for every 1% that this al&tive rate generally exceeds the one year
rate, the present value of the additional revenwmdd be about 13% of the purchase price of

the assets.

* The margin would vary over time in accordance weitpectations of future one year rates, in accareavith
the expectations hypothesis (van Horne, 1984).a@mage, this margin would be zero. However, eicadly,
there is a further margin called the term premiwmich is always positive (McCulloch, 1975; Fama84p
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3.2 Setting the Regulatory Rate of Return at the Sart of the Regulatory Period

| now turn to the situation in which the regulatoate of return (and therefore the price or
revenue cap) is reset at the beginning of eachlaty period (and fixed for that period),
rather than reset at the beginning of each yearadoordance with prevailing market
conditions. For illustrative purposes | assumerdgilatory period is five years. In this case,
for purposes of setting the regulatory rate ofnetthe risk free bond whose use will satisfy
the Present Value principle is that whose durat@iches that of the regulatory cash flows.
If the regulatory period is five years, it mighethseem that the appropriate risk free rate will
be the yield to maturity on a bond maturing in fixears. However the duration of this bond
(something less than five years) might differ frahe duration of the regulatory payoffs

(something less than five years) but any differesdikely to be inconsequential.

To illustrate this point, consider the followinga®ple. Suppose the regulatory asset book
value is currently $100m, the output price is resegry five years, depreciation is 2% per
year, capex is $2m per year, operating costs d@dedder year and incurred at year end, and
revenues are certain and received annually atrideogeach yeat. In five years’ time, and
following the analysis in the previous section, theput price will be reset to ensure that the
value at that time of the subsequent payoffs onrégeilatory assets equals the regulatory
asset book value prevailing at that time (of $100atause capex matches depreciation over
the next five years). In addition, suppose theenirspot interest rates for the next five years
are .05 for year 1, .0525 for year 2, .055 for y@ar0575 for year 4 and .06 for yeaf 5.
Suppose the coupon interest rate on the five-yead lused to derive the five-year yield to
maturity is 8%. Denoting the face value of thismtdoyF, the market value of this bond
would be as follows:

08F 08F 08F 08F N 108F

B, = + _+ _+ - _=1.0875
105 (1.0525° (1055° (L.0575* (LO6)

The yield to maturity on this bong)(would then satisfy the following equation.

® As in previous sections, uncertainty about revenae opex leads to a risk premium being added ¢o th
discount rate, and this does not otherwise affeztanalysis.

® | have chosen an upward sloping term structuradmthis situation is typical.
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10875 = 08F + 08F 08F 08F N 108F

+ +
1+y (@+y)? @+y)?® @+y)* @Q+y)°

Accordingly,y = .0593. Using this risk free rate to set thenf& revenues, the resulting
revenues for each of the next five years would be:

REV, = OPEX, + DER, +B,R, = $10m+ ®m+$100m(.0593 = $1793m
REV, = OPEX, + DEP, + B|R, = $10m+ $2m+$100m(.0593 = $1793m
REV, = OPEX, + DEP, + B,R, = $10m+ $2m+$100m(.0593 = $1793m
REV, = OPEX, + DEP, + B,R, = $10m+ $m+$100m(.0593 = $1793m

REV, = OPEX, + DER, +B,R, = $10m+ $2m+$100m(.0593 = $1793m

The net cash flows would then be $17.93m less ffex @f $10m and the capex of $2m,
yielding $5.93m per year. Using the spot interasés given above, the present value of
these net cash flows along with the value in fiearg of all subsequent payoffs on the

regulatory assets (which equals the regulatorytdssek value in five years, of $100m)
would then be as follows.

_ $593n  $593m _ $593m  $693m _ $6593m+$100m _

V, = $9993m
° 105 (105292 (1059° (1.0579° (106)° ®

Since the present value of $99.93m is marginallpweéhe current regulatory book value of
the assets, of $100m, then the regulatory ratetofm must be slightly low. In particular, a
regulatory rate of return of 5.94% is required Engrate a present value of $100m, and
therefore the rate used above of 5.93% is too 1pW.01%. The trivial extent of this error
reflects the fact that the durations for the fivealybond and the regulatory payoffs are very
similar. In particular, and using Macaulay’s setaoneasure of duration (Elton et al, 2003,
pp. 548-550), the duration on the bond§) is 4.34 years and that for the regulatory cash
flows (Dr) is 4.47 years as follows.

" Macaulay’s second rather than first measure adtihm is required because the term structure aft{Spterest
rates is not flat in this example.
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08 __ b8 108
=| 105 |q), (L.0525° @) +.+ (106)° ©) = 434

B

1.0875 1.0875 "] 10875
$593m $593m $10593m
- 2 5
2| 205y | (L0529 1o, 1 GO87 o 44y
9993m $9993m 9993m

This close correspondence has occurred becausecibmn matches capex, and therefore
the regulatory asset book value is unchanged dneretgulatory period. To achieve a perfect
match, the coupon rate on the bond would have tguoh that the duration on the bond
matched that of the payoffs on the regulatory as&etd this would occur with a coupon rate
on the bond of about 6%).

In summary, for purposes of setting the price @eneie cap, using a risk-free interest rate
equal to the yield to maturity on the risk free 8avhose duration matches that of the payoffs
on the regulatory assets will satisfy the Presemu® principle, and a very close
approximation is achieved by using the yield toum&t on a risk free bond with a term to
maturity equal to the regulatory period. Since AR currently uses the ten year risk free
rate and regulatory periods are typically less thias then the AER’s current practice
violates the Present Value principle and, sincesrate generally higher for longer terms, will
generally over compensate regulated firms. If idgulatory period is five years then the
over compensation will be the excess of the tem y&i@ over the five year rate. Over the
period since 1.1.1995, for which the five and tearyCGS rates are available, the excess of
the ten year rate over the five year rate has geer®.23% Since the previous section
shows that the present value of the excess revearigisg from using a risk free rate that is
too high is about 13% of the purchase price ofassets for each 1% excess in the risk free
rate used, an excess of 0.23% implies that theepteslue of the excess revenues would be

about 3% of the purchase price of the assets.

3.3 The Effect of Capital Expenditures During the Regulatory Period

® The average five and ten year rates are 5.729% &% respectively, with data drawn from the RBAbsite
(http://www.rba.gov.au/statistics/tables/index.htimigrest _ratés
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The previous section has dealt with a case in whagbital expenditures arise during the
regulatory period. However, the analysis was kaitto the case in which capital

expenditures (capex) exactly matched depreciasonthat the regulatory asset book value
did not change. This section considers more tealisases, in which capex exceeds
depreciation (to reflect both inflation and reabwgth in the network) and also cases in which

capex is highly volatile over time.

We start with a case in which capex exceeds degifesi Returning to the example in the
previous section, suppose instead that capex isgidngear, so that the regulatory asset book
value grows at $4m per year (about 4% per year)th Wis change to the example in the
previous section, and using the yield to maturityfive year risk free bonds of 5.93%, the
resulting revenues for each of the next five yeayald be as follows:

REV, = OPEX, + DER, + BjR; = $10m+ $m+$100m(.0593 = $1793m
REV, = OPEX, + DEP, + B/R, = $10m+ $2m+$104m(.0593 = $1817m
REV, = OPEX, + DEP, + B,R; = $10m+ $2m+ $108n(.0593 = $1840m
REV, = OPEX, + DEP, + B,R, = $10m+ $2m+$112m(.0593 = $1864m

REV, = OPEX, + DEPR, + B,R, = $10m+ $2m+$116m(.0593 = $1888m

The net cash flows would then be the revenues hejpex and capex, yielding $1.93m,
$2.17m, $2.40m, $2.64m, and $2.88m for years 1.spastively. Using the spot interest
rates given in the previous section, the presehtevaf these net cash flows along with the
value in five years of the subsequent payoffs enrdgulatory assets ($120m) would then be
as follows:

_ $193m $2.17m2 . s $2.88m+$3120m - 9a78m
105 (10525 (106)

Vo

This present value of $99.78m is below the curregulatory book value of the assets, and
therefore the allowed rate of return is too lowgdugse capex in excess of depreciation raises
the duration of the regulatory payoffs. Thus, watihupward sloping term structure, the use
of a risk free rate from a bond with a lower duwatthan the regulatory cash flows will cause

the present value of the regulatory payoffs to falow the current regulatory asset book
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value. If we set the allowed rate of return aewel that would generate a present value of
exactly $100m, the rate would be 5.98%, i.e., divly basis points above the current yield to

maturity on five year risk free bonds of 5.93%.isTérror is small.

We now consider a case in which capex is volat8e, rather than capex of $6m per year as
in the above example, suppose that capex is $3aheand of one of the years and zero in
all other years. With this change, thbiggest divergence between the present value of the
payoffs on the regulatory assets and the currenilagory asset book value ($100m) arises
when the capex of $30m occurs at the end of thenskeyear, giving rise to a present value
on the payoffs from the regulatory assets of $99.62f we select the allowed rate of return
that would give rise to a present value of exa8tly)Om, the figure would be 6.00%, i.e.,
seven basis points above the current yield to ntgtan five year risk free bonds. Again,

this error is small.

In summary, the presence of capital expenditurgkinvithe regulatory period that exceed
depreciation will tilt the regulatory cash flowsatards the end of the regulatory period and
raise the regulatory asset book value at the ernttieofegulatory period, thereby raising the
duration of the payoffs on the regulatory assetsvalihat of a bond with a term to maturity
equal to that of the regulatory period. If themestructure is upward sloping, which is the
normal case, the yield to maturity on a bond o$ tkind will be too low to ensure that the
Present Value principle is satisfied. Howeverghertfall in the yield does not exceed 0.07%

across the cases examined, and this is not signtfic

4. Conclusions

This paper has addressed a number of issues fays#te AER, and the conclusions are as
follows. The first of these issues is, in deterimgna regulatory rate of return, whether the
use of a risk free rate averaged over a short @p€1i0-40 business days) as close a practically
possible to the start of the regulatory periodassistent with the Present Value principle (the
present value of a regulated firm’s revenue streaould match, over time, the present value

of its expenditure stream plus or minus any efficieincentive rewards or penalties), the

° This is sufficiently large that it could not bedinced with cash flow from operations in that yead therefore
would require (for the all-equity firm assumed heggher an equity injection or retention and acalation of
cash flow from earlier years. Accordingly, thisghi lead to an allowance for equity raising costdar the
AER’s standard approach. However | do not modsleffect here.

18



Building Block model, the Cost Recovery principla (egulated firm should have a
reasonable opportunity to recover at least itedffit costs), and the Sharpe-Lintner model.
In relation to the Present Value principle, anyseré value operation requires the use of the
current risk free rate, the regulatory rate of metnust therefore use the risk free rate at the
beginning of the regulatory period, and pragmataosiderations then lead to averaging it
over a short period as close as practical to e sf the regulatory period. In relation to the
Building Block model, this is a consequence of Biesent Value principle and therefore the
same conclusion applies. In relation to the CastdRery principle, this is equivalent to the
Present Value principle and therefore the samelgsion also applies. In relation to the
Sharpe-Lintner model, this model always requireskafree rate prevailing at a point in time
for some subsequent period rather than a histosalage and application of the model to a
regulatory situation would require the risk fregerprevailing at the beginning of a regulatory

period.

The second issue is whether the adoption of a teng historical average risk free rate
would be consistent with the four matters detadedve. The conclusions here follow from
the conclusions presented in the previous paragiapbe the risk free rate at the beginning
of the regulatory period is required in all cagbsen the use of a long-term historical average
risk free rate will not be consistent with the Rm@sValue principle, the Building Block
model, the Cost Recovery principle, and the Sharpgier model.

The third issue is whether the Present Value pulacrequires that the regulatory rate of
return should be representative of prevailing madomditions at the start of the regulatory
period or at the start of each year within the faguy period. If the regulatory rate of return

is representative of prevailing market conditiohtha start of each year within the regulatory
period, then the Present Value principle requireg the regulatory rate of return be based
upon the one year risk free rate prevailing atlibginning of each year. By contrast, if the
regulatory rate of return is representative of pigvg market conditions at the start of each
regulatory period, then the Present Value principtpuires that the regulatory rate of return
be based upon the yield to maturity prevailinghatlbeginning of the regulatory period on the
risk free bond with a duration equal to that of tegulatory cash flows, and a very close
approximation is achieved through the use of theddyto maturity on the risk free bond

whose term to maturity matches that of the regwyaperiod. Capital expenditures within a

regulatory period may worsen the approximation Hawe the error in the regulatory rate
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chosen as described above does not exceed sevismbamds across the range of examples

considered, and this is not material.
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